WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 7 : 
C12N 15/81, 1/19 



Al 



(11) International Publication Number: 
(43) International Publication Date: 



WO 00/26387 

11 May 2000 (11.05.00) 



(21) International Application Number: PCT/KR99/00265 

(22) International Filing Date: 29 May 1999 (29.05.99) 



(30) Priority Data: 

1998/46547 



3 1 October 1 998 (3 1 . 1 0.98) KR 



(71) Applicants (for all designated States except US): KOREA IN- 

STITUTE OF SCIENCE AND TECHNOLOGY [KR/KR]; 
39-1 Hawolkok-dong, Sungbuk-ku, 136-130 Seoul (KR). 
HAITAI CONFECTIONERY CO., LTD. [KR/KR]; 108-2 
Yangpyung-dong-5-ga, Youngdeungpo-ku, 150-105 Seoul 
(KR). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): CHOI, Eui-Sung 
[KR/KR]; #102-507 Dasol Apt, 395-3 Kung-dong, 
Yusong-ku, 305-335 Taejon-si (KR). RHEE, Sang-Ki 
[KR/KR]; #Ka-101, Keukdong Villa, Kwangjang-dong, 
Kwangjin-ku, 143-210 Seoul (KR). SOHN, Jung-Hoon 
[KR/KR]; #103-506 Noori Apt., Wolpyong-dong, Seo-ku, 
302-280 Taejon-si (KR). PARK, Soo-Dong [KR/KR]; 
#109-1305 Hana Apt., 153 Shinsung-dong, Yusong-ku, 
305-345 Taejon-si (KR). LEE, Yoon, Hyoung [KR/KR]; 
#933-1503 Myohyang Apt., Sanbon-dong, Kunpo-si, 
435-040 Kyoungki-do (KR). LEE, Seung, Jae [KR/KR]; 



#7-205 Pucheon Apt., 566-1 Simgokbon-dong, Sosa-ku, 
Pucheon-si, 422-240 Kyoungki-do (KR). JANG, Jae, 
Kweon [KR/KR]; #102 Jaewon Villa, 229-8 Seok- 
chon-dong, Songpa^ku, 138-190 Seoul (KR). CHOI, Seok, 
Keun [KR/KR]; #503 Jinro Apt., 10 Myunmok-dong, 
Chungrang-ku, 131-208 Seoul (KR). SON, Young, Rok 
[KR/KR]; #919 Nasanmisi 860 Officetel, 13-3 Kaepo-dong, 
Kangnam-ku, 135-240 Seoul (KR). 

(74) Agent: LEE, Won-Hee; Suite 805, Sung-ji Heights II, 642-16 
Yoksam-dong, Kangnam-ku, 135-080 Seoul (KR). 



(81) Designated States: CA, CN, JP, US, European patent (AT, BE, 
CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, 
NL, PT, SE). 



Published 

With international search report. 



(54) Title: 



VECTOR FOR THE TRANSFORMATION OF PHAFFIA RHODOZYMA AND PROCESS OF TRANSFORMATION 
THEREBY 



pTPL2 (8 kb> 



VAX 




pTPL5<3.7 kt>) 

4= 



CCCOTTTTTC 
ThrLya ProV alPheHis 

^Mutagenesis 

ACCAAQ CAA QTTTTT CAC 
ThrLya OlnV alPheHls 




pTPR4<0.73 kb) 

Xh Sm Bg Be Sm Kt> X 





pTPLRl(4.43 kb) 

Sm Bj 



Llgasc 



L41 



(57) Abstract 



The present invention relates to a transforming vector and a process of transformation thereby, more specifically to a transforming 
vector comprising acycloheximide-resistant gene and a ribosomal DNA. The transforming vector and the transforming process thereby is 
applicable to the efficient and stable integration of desired DNA into yeast genome, thus providing useful tools for the production of a 
natural pignent, astaxanthin. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL Albania 

AM Armenia 

AT Austria 

AU Australia 

AZ Azerbaijan 

BA Bosnia and Herzegovina 

BB Barbados 

BE Belgium 

BF Burkina Faso 

BG Bulgaria 

BJ Benin 

BR Brazil 

BY Belarus 

CA Canada 

CF Central African Republic 

^CG Congo 

CH Switzerland 

CI Cdte d'lvoire 

CM Cameroon 

CN China 

CU Cuba 

CZ Czech Republic 

DE Germany 

DK Denmark 

EE Estonia 



ES 


Spain 


LS 


Lesotho 


SI 


FI 


Finland 


LT 


Lithuania 


SK 


FR 


France 


LU 


Luxembourg 


SN 


GA 


Gabon 


LV 


Latvia 


sz 


GB 


United Kingdom 


MC 


Monaco 


TD 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


GH 


Ghana 


MG 


Madagascar 


TJ 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


GR 


Greece 




Republic of Macedonia 


TR 


HU 


Hungary 


ML 


Mali 


TT 


IE 


Ireland 


MN 


Mongolia 


UA 


IL 


Israel 


MR 


Mauritania 


UG 


IS 


Iceland 


MW 


Malawi 


US 


IT 


Italy 


MX 


Mexico 


uz 


JP 


Japan 


NE 


Niger 


VN 


KE 


Kenya 


NL 


Netherlands 


YU 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


KP 


Democratic People's 


NZ 


New Zealand 






Republic of Korea 


PL 


Poland 




KR 


Republic of Korea 


PT 


Portugal 




KZ 


Kazakstan 


RO 


Romania 




LC 


Saint Lucia 


RU 


Russian Federation 




LI 


Liechtenstein 


SD 


Sudan 




LK 


Sri Lanka 


SE 


Sweden 




LR 


Liberia 


SG 


Singapore 





Slovenia 

Slovakia 

Senegal 

Swaziland 

Chad 

Togo 

Tajikistan 

Turkmenistan 

Turkey 

Trinidad and Tobago 

Ukraine 

Uganda 

United States of America 

Uzbekistan 

Viet Nam 

Yugoslavia 

Zimbabwe 



WO 00/26387 



PCT/KR99/00265 



VECTOR FOR THE TRANSFOR MA TION OF vhafFj a rhodozyma awn 
P ROCESS OF TRASFORMATTOKT THV.RKRV 

FIELD OF THR TNVF.NTTON 

The present invention relates to novel vectors for 
the transformation of Phaffia rhodozyma and to a 
process of transformation thereby. Particularly, this 
invention relates to an L41 gene encoding a ribosomal 
protein derived from Phaffia rhodozyma which is useful 
for producing natural pigment astaxanthin; an L41 gene 
mutated to a cycloheximide-resistant form; a Phaffia 
rhodozyma ribosomal DNA; a vector for the stable 
transformation of Phaffia rhodozyma, comprising said 
mutated L41 gene and said ribosomal DNA; and a process 
of transformation thereby. 
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BACKGROUND 

Phaffia rhodozyma is reddish yeast species 
producing astaxanthin, the useful natural pigment. 
Astaxanthin is a member of the carotenoids, which are 
represented by p*-carotene, the precursor of vitamin A. 
Naturally, astaxanthin is widely distributed, 
especially to Crustacea, trout and salmon as their main 
pigment, although they cannot synthesize astaxanthin 
5 and should be supplied with it from the diet. Thus, it 
has been considered necessary to add the pigment in the 
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cultivation of Crustacea, trout and salmon, so that the 
added pigments to the Crustacea and fishes may attract 
the consumers and give better flavors. This carotenoid 
pigment plays key roles in the physiological metabolism 
of human as well as animals, with known effects such as 
the precursor of vitamin A, the enhancement of 
immunological function, the antioxidant activity, the 
prevention of cancer and senescence, etc. 

Because of increasing interests in Phaffia 
rhodozyma and pigments produced thereby, there have 
been a number of reports concerned about the culture of 
Phaffia rhodozyma. However, these researches have been 
focused on how the inexpensive materials can be used 
for its culture, and have resulted in the development 
of culturing methods, in which various local products 
may be employed, such as alfalfa juice (Okagbue et al., 
Appl. Microbiol. Biotechnol., 20, 33, 1984), molasses 
(Haard et al., Biotechnol . Lett., 10, 609, 1988), the 
byproducts of grape juice processing (Lango et al., 
Biotech. Forum Europe, 9, 565, 1992), peat hydrolyzate 
(Martin et al., 58, 223, 1993), the byproducts of corn 
wet-milling (Hayman et al., J. Ind. Microbiol . , 14, 389, 
1995), and the mixture of sugar cane extract, urea and 
phosphoric acid (Fontana, et al., Appl. Biochem. 
Biotechnol., 57/58, 413, 1996). 

Although little is known about the genetics of 
Phaffia rhodozyma, the physiological features of 
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Phaffia rhodozyma have been disclosed and the Phaffia 
rhodozyma mutant has recently been selected to produce 
higher level of the pigment (Johnson et al., Crit. Rev. 
Biotechnol., 11, 297, 1991; An et al., Appl . Environ. 
Microbiol., 55, 116, 1989; Chumpolkulwong et al., J. 
Ferment. Bioeng. , 75, 375, 1997; Lewis et al., Appl. 
Environ. Microbiol., 56, 2944, 1990). In addition, a 
genetic analysis enlightened the ploidy and sexual 
cycle of Phaffia rhodozyma. In a flow cytometry study, 
Calo-Mata and Johnson found that no strain was haploid 
and that most were polyploid (Calo-Mata et al., Yeast 
Gen. Mol. Biol. Meet., 126, 1996). A pedogamic sexual 
process of conjugation has been also described (Golubev 
et al., Yeast, 11, 101, 1995). 

Although Phaffia rhodozyma is potentially useful 
for the production of astaxanthin and the like, the 
pigment level in the wild type of Phaffia rhodozyma is 
very low. Therefore, there have been increasing 
attempts to develop novel mutant strain of Phaffia 
rhodozyma, which can produce the higher level of the 
pigment. However, these attempts have been hampered by 
the reduced growth rate and genetic instability, which 
may occur when the pigment content in a mutant exceeds 
over the optimal range . 

Another obstacle to the progress of the mutant is 
the method of mutagenesis. Chemical mutagenesis 
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procedure has been performed conventionally, but it is 
associated with the simultaneous mutation of undesired 
genes leading to pleiotropic effects such as the 
reduction of growth rate, the prolongation of induction 
time in the fermentation, etc. Furthermore, the genome 
of the mutant strain is not stable, since its 
subculture often decreases the yield of the pigment. 

To solve these problems in the conventional 
breeding procedures and to enlarge the applicability of 
Phaffia rhodozyma, molecular breeding approaches have 
been initiated recently, using genetic transformation. 
However, since most of Phaffia rhodozyma strains are 
polyploid and thus cannot be made to be an auxotrophic 
variant by the method conventionally applied to yeast, 
preferable is the approach employing antibiotics- 
resistant genes as selectable marker. More recently, 
there was reported a transformation system in which 
Phaffia rhodozyma actin promoter and G4 18-resistant 
gene were used for the transformation of Phaffia 
rhodozyma, although it showed poor transformation 
efficiency (Wery et al., Gene, 184, 89, 1997). 

On the other hand, cycloheximide , an eukaryote- 
specific antibiotics, is applicable to the selection of 
yeast transf ormants . The target molecule of 

cycloheximide action is aminoacyl-tRNA binding site (A 
site), where it blocks peptidyl transferase activity. 
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As a result, it inhibits protein synthesis and cell 
growth in eukaryotes, without an effect on the 
organelles such as chloroplasts and mitochondria. 
Furthermore, it has been found that cycloheximide 
interacts with ribosomal protein L41, and that a 
mutation in L41 gene confers cycloheximide-resistance 
on the yeast transf ormants . Thus, cycloheximide and 
related mutant form of L41 gene are widely applicable 
to the process of transformation for yeasts. 

Recent studies support the applicability of L41 
gene to selectable marker in yeasts. Takagi et al . 
found that amino acid substitution through the 
mutagenesis of Saccharomyces cerevisiae L41 gene 
conferred cycloheximide-resistance, suggesting the 
usefulness of L4 1 gene as a selectable marker (Takagi 
et al., J. Bacterid., 174, 254-262, 1992). Mutoh et 
al. proposed a biotechnological tool using Candida 
maltosa L41 gene as a selectable marker (Mutoh et al . , 
J. Bacteriol., 5383, 177, 1995). As it is well known 
that cycloheximide-resistance is conferred on Candida 
utilis as well as Phaffia rhodozyma by the substitution 
of 56th amino acid residue in the L41 protein (Keiji 
Kondo et al . , J. Bacteriol. , 7171, 177, 1995), 
transformation system thereby has been developed. 
5 Similar approaches have been attempted in Kluyveromyces 
lactis and Schwanniomyces occidentalis (Dehoux et al., 
Eur. J. Biochem., 213, 841-843, 1993; Pozo et al., Eur. 
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J. Biochem., 213, 849-857, 1993). On algae Tetrahymena, 
the resistance is conferred by substitution of 40th 
amino acid residue, methionine to glutamine (Roberts et 
al., Exp. Cell. Res., 312, 81, 1973). 

To overcome the foregoing and other disadvantages, 
we, the inventors of the present invention, have noted 
that cycloheximide and related mutation in L41 gene may 
be used to develop an efficient transformation system, 
in which a foreign gene is stably integrated into the 
genome of Phaffia rhodozyma, and in which the 
transf ormants are undoubtedly selected. To develop 
such system, we have constructed transforming vectors 
comprising the antibiotics-resistant gene and the 
targeting gene, which is used for the stable 
integration of foreign gene. We transformed Phaffia 
rhodozyma with such vectors, according to a modified 
method for elect rotransf orming Cryptococcus neoformans, 
a member of Basidiomycetes , of which Phaffia rhodozyma 
is also another member (Kim et al., Appl. Environ. 
Microbiol., 64, 1947, 1998). 

The present invention is performed by cloning and 
sequencing Phaffia rhodozyma L41 gene; modifying the 
L41 gene by the mutagenesis of the region responsible 
to cycloheximide-resistance; constructing the vectors 
for transforming by inserting ribosomal DNA into the 
mutated L41 gene; transforming Phaffia rhodozyma with 
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the vector by electroporation method; and verifying the 
stable integration of the vector into the genome of the 
transf ormants . 



10 



15 



20 



25 



SUMMARY OF THE INVKNTTON 

It is an object of this invention to provide a 
vector for transforming Phaffia rhodozyma efficiently. 

It is a further object of this invention to 
provide an antibiotics-resistant vector for 
transforming Phaffia rhodozyma, which comprises the L41 
protein of Phaffia rhodozyma . 

It is an additional object of this invention to 
provide a L41 gene encoding the L41 protein of Phaffia 
rhodozyma . 

It is another object of this invention to provide 
a mutated L41 gene that can be used as a cycloheximide- 
resistant gene. 

It is still another object of this invention to 
provide a ribosomal DNA of Phaffia rhodozyma, which can 
be used to enhance the integration efficiency of 
foreign DNA into Phaffia rhodozyma genomes. 

It is also an object of this invention to provide 
a process of transforming Phaffia rhodozyma by 
electroporation . 

Further objects and advantages of the present 
invention will appear hereinafter. 
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In accordance with the present invention, the 
foregoing objects and advantages are readily obtained. 

The present invention provides an L41 gene 
encoding a ribosomal protein originated from Phaffia 
rhodozyma . 

In addition, this invention provides a mutated L41 
gene in which the amino acid at the position 56 is 
replaced by glutamine . Since the amino acid residue is 
responsible for the cycloheximide-resis tance , this 
mutated gene in a vector is useful for a selectable 
marker . 

This invention also provides a ribosomal DNA 
derived from Phaffia rhodozyma . 

In addition, this invention provides a vector 
comprising a cycloheximide-resistant gene and a 
ribosomal DNA derived from Phaffia rhodozyma. 

In such aspect of this invention, also provided is 
a vector, pTPLRl comprising the mutated L41 gene of 
Phaffia rhodozyma and a portion of the Phaffia 
rhodozyma ribosomal DNA. 

This invention also provides a process of 
transforming Phaffia rhodozyma with the vector by 
electroporation . 

In such aspect of this invention, the vector is 
preferably cleaved into a linear form, and the 
preferable condition for electroporation is such that 

8 
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electric pulse is 0.8-1.2 kV, an internal resistance is 
400-800 Q, and a capacitance is 25-50 ^F. 

Further features of the present invention will 
appear hereinafter. 



3RIEF PFSCRTPTTON OF THE DRAWINGS 

Figure 1 is nucleotide and deduced amino acid 
sequences of L41 gene encoding Phaffia rhodozyma 
ribosomal protein, where 

Open boxes: TATA and CAAT sequences; 

Underlined: the position of primers; 

Bold letters: consensus sequence in splicing 
region of intron; 

Open circle: amino acid residue at position 56 

Figure 2 represents the construction of pTPLRl 
vector and its restriction map, where 

Numbers in parentheses: the sizes of inserts; 

Blank boxes: DNA fragment containing L41 gene; 

Grey boxes: rDNA fragments; 

Black boxes: exons of L41 gene; 

Thin lines: pBluescript SK(+) sequence; 

Horizontal arrow: transcriptional direction of L41 
gene; 

X: Xbal site; S: Sail site; C: Clal site; 

H: Hindlll site; E: £coRI site; Xh : Xhol site; 
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Sm: Smal site; Bg : Bgll site; Ba : Ball site; 

Kp: Kpnl site; 

Figure 3 represents the restriction map of pTPLRl, 
5 the vector of this invention, 

Figure 4 represents the relationship between the 
condition of electroporation and the transformation 
efficiency or cell viability; 

10 

Figure 5 represents Southern blot analysis of 
pTPLRl transformants, where 

C: nontransf ormant control; 
1 to 5: pTPLRl transf ormants ; 

15 

Figure 6 represents schematically the mode of 
pTPLRl integrated into the chromosome. 



PETATT.F.O DESCRI PTION OF PREFE RRED EMROnTMF.MT.g 

20 The present invention is based upon the notion 

that cycloheximide and related mutation in L41 gene may 
be used to develop a transformation system, in which 
foreign gene is stably integrated into the genome of 
Phaffia rhodozyma, and in which the transf ormants are 

25 undoubtedly selected. 
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Hereinafter, the present invention is described in 
detail . 

In one aspect, the present invention provides a 
L41 gene encoding a Phaffia ribosomal protein. 

In a preferred embodiment, we have obtained 
genomic and cDNA sequences containing the L41 gene 
encoding a Phaffia rhodozyma ribosomal protein, and 
these sequences are prepared from a Phaffia rhodozyma 
strain ( ATTC 24230) . 

The L41 gene identified in this invention shows 
high homology with other known L41 gene of yeasts, but 
contains 6 introns which have specific sequences in 5' 
and 3' regions of each intron. The genomic sequence 
described by SEQ ID NO: 1 contains the L41 gene of 
1, 223 bp, which in turn contains the cDNA sequence 
described by SEQ ID NO: 2. Of the deduced amino acid 
sequence described by SEQ ID NO: 3, proline at position 
56 is responsible for the sensitivity to cycloheximide 
(see FIG 1) . 

In another preferred embodiment, the cloned L41 
gene is modified by site-directed mutagenesis, so that 
the mutated L41 gene is made to be a cycloheximide- 
resistant gene, or gene which can confer resistance to 
cycloheximide on an acceptor organism. Particularly, 
the mutagenesis is performed to replace the proline 
residue by glutamine, at the position 56 (see FIG 2) . 

The mutagenesis in this invention includes all the 

11 
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possible modification of triplet codon in the amino 
acid position 56. For example, the codons for proline 
56 may be replaced by all possible triplet codons for 
glutamine . 

This invention also provides a ribosomal DNA 
(hereinafter vx rDNA") derived from Paffia yeast. 

In this invention, rDNA means not only a DNA 
sequence which is transcribed to bear all types of 
eukaryotic ribosomal RNA, but also a non-transcription 
spacer (hereinafter, "NTS"), or a DNA sequence between 
the transcribed rDNA. rDNA can be preferably used to 
enhance the integration efficiency of foreign DNA into 
host genomes because rDNA sequence is highly repeated 
as tandem units in the eukaryotic genomes. 

In a preferred embodiment, we identified the rDNA 
which is described by SEQ ID NO: 4. This rDNA sequence 
contains NTS. 

This invention provides a transforming vector 
comprising a cycloheximide-resis t ant gene and a rDNA. 

According to one preferred embodiment, the rDNA 
may be used to enhance the integration efficiency of 
foreign DNA into the host genome. 

According to another preferred embodiment, the 
Phaffia rhodozyma L41 gene modified to cycloheximide- 
resistant gene is employed as a selectable marker in 
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the transforming vector (see fIG 2). This transforming 
vector is useful for the stable introduction of a 
foreign gene into a host genome. 

More particularly, this invention provides pTPLRl, 
a vector for transforming yeasts, most preferably for 
transforming Phaffia rhodozyma, which comprises an NTS 
portion of Phaffia rhodozyma rDNA and a mutated Phaffia 
rhodozyma L41 gene where the codon for proline at amino 
acid position 56 is replaced by the codon for glutamine 
(see FIG 3) . 

The transforming vectors of this invention may be 
readily modified and improved within the spirits and 
scope of this invention. For example, the transforming 
vector of this invention may include diverse L41 genes 
modified through various mutagenesis procedures and 
diverse rDNA sequences originated from various 
organisms . 



. In another aspect of this invention, also provided 
is a process of transforming yeasts with foreign DNA. 
The process is based upon the established method for 
transforming Cryptococcus neoformans, but optimized to 
yeasts, using an antibiotics-resistance gene derived 
from yeasts instead of the bacterium-derived 
counterpart . 

In a preferred embodiment, the transforming vector 
is cleaved into a linear form before transformation. 
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The restriction enzymes used and the reaction may be 
selected carefully so that foreign DNA is efficiently 
introduced into host genome and only desired sequences 
of the vector are inserted to the host genome. 

In the transforming process of this invention, an 
electroporation procedure is employed. According to 
another embodiment, the preferable condition for 
electroporation is such that electric pulse is 0.8-1.2 
IcV, an internal resistance is 400-800 Q, and a 
capacitance is 25-50 ^iF. After electroporation, the 
yeast cells are cultured at 23°C for 14-16 hours, then 
spread on solid medium containing cycloheximide, and 
further cultured at 23°C for 4-5 days. Assessing the 
effects of various conditions for the electroporation 
on the cell viability and the transforming efficiency 
(see FIG 4) reveals that abundant transf ormants are 
produced under such condition as electric pulse of 0.8 
kV, an internal resistance of 600 Q, and a capacitance 
of 50 jaF. 

In still another embodiment, Southern blot 
analysis is used to verify the stable integration of 
foreign DNA (see FIG 5 and 6) . The result confirms 
that the introduced genes are stably maintained in host 
genome, even after multiple subcultures on the medium 
without cycloheximide . 



14 



WO 00/26387 PCT/KR99/00265 



10 



15 



20 



25 



exampt.es 

Practical and presently preferred embodiments of 
the present invention are illustrative as shown in the 
following Examples. 

However, it will be appreciated that those skilled 
in the art, on consideration of this disclosure, may 
make modifications and improvements within the spirit 
and scope of the present invention. 

Example 1; The isolation of Phxffi * rhnrlnryma T.41 n<*r^ 

To isolate genomic DNA sequence encoding Phaffia 
rhodozyma ribosomal protein L41, we synthesized two PCR 
(; polymerase chain reaction) primers, the sequences of 
which were deduced from the nucleotide sequence of 
other yeast L 41 genes and described by SEQ ID NO: 5 
(CYH1) and SEQ ID NO: 6 (CYH3) . PCR was performed in 
which the synthetic oligonucleotides, CYH1 and CYH3 
were used as PCR primers and in which genomic DNA 
isolated from Phaffia rhodozyma (ATCC 24230) was 
employed as template. The PCR produced 700 bp DNA 
fragments containing L41 gene, which were then brought 
to the labeling reaction using digoxigenin (DIG) - 
labeling kit (Boehringer Mannheim, Germany) so as to be 
used as a probe for Southern blot analysis. To clone 
full-length L41 gene, Southern hybridization was 
performed as described in the work of Sambrook et al . 
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(Sambrook et al . , Molecular Cloning, 2nd Edition, Cold 
Spring Harbor Laboratory Press, 1989) in a solution 
containing 5X SSC, 0.1% (w/v) sarcosyl, 0.02% (w/v) SDS, 
5% blocking agent, and 50% (v/v) formamide, at 42°C. A 
strong hybridization signal was observed from an 8-kb 
Xbal fragment, and the Xbal fragments of 7 to 9-kb were 
isolated and ligated into pBluescript SK(+) (Stratagene, 
USA) to make a minilibrary. A clone (pTPL2), 

hybridizing with the PCR product was identified in a 
further Southern blot analysis in ' which the DNA 
fragments of the minilibrary were blotted onto the 
membrane . 

To identify the L41 gene without intron, Phaffia 
rhodozyma L41 cDNA was isolated by the method ,of rapid 
amplification of cDNA ends (; RACE) with 3' -RACE (GIBCO 
BRL, USA) and 5 ' -RACE (Clontech, USA) kits. Total RNA 
was prepared by the method of Elion and Warner (Elion 
et al., Cell, 39, 663-673, 1984). Then mRNA was 
selected from the total RNA, using mRNA isolation kit 
(Novagen), and brought to 3' RACE reaction in which 
synthetic oligonucleotide described by SEQ ID NO: 7 was 
used as 3' RACE primer, and 5' RACE reaction by SEQ ID 
NO: 8 as 5' RACE primer. 

The sequencing of the 3' and 5' RACE products 
suggested that a putative open reading frame of 1,223 
bp be interrupted by six introns. The cloned L41 gene 
was found to show high homology with those of other 

16 
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yeasts. However, the number of introns and their 
organization in the Phaffia rhodozyma L41 gene were 
quite different from the other yeast L41 genes, where 
there is only one intron. GTPuNGT sequence and PyAG 
sequence were conserved in 5' and 3' ends, respectively, 
of Phaffia rhodozyma L41 gene; this conserved sequences 
have also reported in the Phaffia rhodozyma actin 
introns. The Phaffia rhodozyma L41 gene encodes 
ribosomal protein comprising 106 amino acids, and most 
notably, proline at position 56 is identified to the 
amino acid residue responsible for the sensitivity to 
cycloheximide. The genomic DNA sequence of Phaffia 
rhodozyma L41 gene was registered in GenBank on May 19, 
1997, with accession NO. AF 004672 (see FIG 1) 



Example 2; Ovd ohexi mi dp-rasi si-an t L41 o P n P 

To confer the cycloheximide-resistance on L41 gene, 
we performed the site-directed mutagenesis which 
resulted in the amino acid converting proline 56 to 
glutamine. Specifically, mutagenesis was carried out 
with the QuickChange in vitro mutagenesis kit 
(Stratagene) as described in the manufacturer's 
instructions with complementary mutagenic primers 
corresponding to amino acids 52 to 59 and described by 
SEQ ID NO: 9 and 10. Digested from the 8.0-kb fragment 
in Example 1, the 2.2-kb Sail fragment was replaced 
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with the mutated fragment. 

Example 3; The isolat ion of ribosomal DNA 

Ribosomal DNA (rDNA) in this invention was 
exploited to enhance the integration efficiency of 
foreign DNA into Phaffla rhodozyma genomes. To clone 
the rDNA fragment, two pairs of PCR primers, described 
by SEQ ID NO: 11, 12 (corresponding to 18S rDNA part) 
and 13, 14 (corresponding to 28S rDNA part), were 
designed from the known partial rDNA sequence of 
Phaffia rhodozyma. 

By PCR with these two pairs of primers, two DNA 
fragments were obtained, one of which was 1.5-kb 
fragment containing the 5.8S rDNA NTS (; non- 
transcription spacer) region with the primers described 
by SEQ ID NO: 11 and 14, and the other of which was 6- 
kb fragment containing the 5S rDNA NTS region with the 
primers described by SEQ ID NO: 12 and 13. 

Two DNA fragments were used as a probe for cloning 
the rDNA unit in genomic Southern blot analysis, 
followed by the construction of minilibrary, as 
described in Example 1. Multiple rounds of Southern 
hybridization identified an 8 . 5-kb HindHI fragment, 
which was cloned and whose identity was confirmed by 
partial sequencing. A 730-bp Xhol and Xbal fragment of 
the 8. 5-kb fragment, which spans NTS region between 5S 
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and 18S rDNA, was subcloned in pBluescript and the 
resulting vector was designated as pTPR4 . The 
sequencing of pTPR4 enlightened that the cloned rDNA 
fragment showed much high homology with 5.8S and 25S 
rDNA region of Candida neoformans, a member of 
Basidiomycetous yeasts including Phaffia rhodozyma. 
The 730-bp nucleotide sequence of Phaffia rhodozyma 
rDNA gene was registered in GenBank on July 28, 1997, 
with accession NO. AF 016256. 

Pimple 4; The construction Of vector for tr.nsfnrn.ing 
Phaffia rhndnr.yma 

To construct vectors for transforming Phaffia 
rhodozyma efficiently, we exploited P TPL5 vector 
containing the mutated L41 gene of Example 2 and pTPR4 
vector containing the rDNA fragment of Example 3 (see 
FIG 2) . Particularly, we constructed pTPLRl vector for 
transforming Phaffia rhodozyma, using the 3.7-kb 
fragment of pTPL5 as a cycloheximide-resistant marker 
and the 730-bp rDNA fragment of P TPR4 as a targeting 
sequence into Phaffia rhodozyma genome with multicopy. 
The 3.7-kb Xhal-Sall fragment of pTPL5 containing the 
mutated L41 gene was treated with the Klenow enzyme and 
inserted into the Bail site of pTPR4 . The resulting 
plasmid, pTPLRl (see FIG 3), was introduced into E. 
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coli DH5a strain, and the transformed E. coli strain 
was deposited in Korean Collection for Type Cultures 

(KCTC) on October 21, 1998 (accession NO: KCTC 0535BP) . 

We also constructed a plasmid, pTPLR2, which has 
the reverse direction of expressed sequence. The 
pTPLRl and pTPLR2 vectors were digested with Smal or 
Bgll-Kpnl restriction enzymes, before the vector was 
brought to the transformation and integrated into the 
rDNA region of Phaffia rhodozyma genome. 

Example 5: The t ransf orma t ion of Phaffix rhn d nzinna wi i-h 

DTPLR1 vprfnr 

To transform Phaffia rhodozyma with the pTPLRl 
vector efficiently, we developed the transformation 
method, which is based upon the method for transforming 
a Basidiomycetous yeast, Cryptococcus neoformans (Varma 
et al., Infect. Immun. , 60, 1101, 1992) but optimized 
for ' Phaffia rhodozyma. Electroporation procedure was 
employed in the process of this invention. 
Particularly, Phaffia rhodozyma cells from a log-phase 
cluture in 50 ml of YM medium were harvested by 
centrifuge at 3,000 rpm for 10 minutes, then washed 
twice with equal volume of electroporation buffer (270 
mM sucrose, 10 mM Tris, 1 mM MgCl 2 , pH 8.0) containing 
1 mM dithiothreitol (; DTT) , and resuspended in the 
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electroporation buffer without DTT . The linearized 
plasmid pTPLRl (200 ng) was mixed with a 50 fil aliquot 
(approximately 2xl0 7 cells) of the cell suspension, and 
transferred to a cuvette (0.2-cm electrode gap; Bio-Rad, 
USA) . We performed electroporation (Gene Pulser II; 
Bio-Rad, USA) under the various ranges of electric 
pulse (0.8 to 1.2 kV) , internal resistance (400 to 800 
Q) and capacitance (25 to 50 jaF) . The elect roporated 
cells were resuspended in 1 ml of YM medium and 
transferred to a test tube for incubation. After being 
shaken for 12 to 16 hours at 23°C, cells were spread on 
YM agar medium containing 10 fig/ml of cycloheximide and 
incubated at 23°C for 4 to 5 days. 

Figure 4 shows the relationship between the 
condition of electroporation and the transformation 
efficiency or cell viability. The transformation 
efficiency was mainly dependent on the capacitance, 
preferably of 50 jaF rather than 25 |iF. In summary, 
more transf ormants were produced when an electric pulse 
of 0.8 kV was delivered and internal resistance of 600 
Q was set with a capacitance of 50 |iF, generating 
pulse lengths of 18 to 20 ms . Under such condition, 
approximately 30% of cells survived, and transformation 
efficiencies of 800 to 1000 transf ormants per jug of DNA 
could be routinely obtained with pTPLRl linearized 
either by Sinai or by Bgll-Kpnl . 
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Using the optimized process, we transformed 
Phaffia rhodozyma with various vectors and observed the 
colony formation on the YM agar medium containing 
cycloheximide . 

Interestingly, there was no transformant with 
pTPLR2 in any condition, suggesting that L41 gene is 
expressed only when the transcriptional direction of 
the integrated L41 gene is the same as that of rDNA. 

Without the restriction of pTPLRl before 
transformation, no colony was formed. This may result 
from the fact that rDNA does not have the autonomous 
replication sequence ( ; ARS) or its similar function. 

A vector carrying cycloheximide-resistant L41 gene 
but not containing rDNA sequence, was introduced into 
Phaffia rhodozyma. In this case, a few colonies were 
observed. We suspected that the mutated L41 gene in 
the vector would replace endogenous L41 gene in the 
genome, rather than be integrated in directed position. 

In addition, we transformed Phaffia rhodozyma with 
a vector in which the promoter of L41 gene was deleted, 
and observed transformed colonies. The Southern blot 
analysis of this transformant showed the same 
hybridization pattern as that of nontransf orraant 
control. This indicates that in this case also the 
transplacement has occurred, rather than be integrated 
in the directed position. 
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Example 7; Sonth^m blot analysis of the transformanf.s 

To assess the stability of the introduced foreign 
DNA in Phaffia rhodozyma genome according to this 
invention, we performed Southern blot analysis of 
genomic DNA, which is prepared from pTPLRl 
transf ormants or nontransf ormant control (see FIG 5) 
The genomic DNA was digested with Smal or EcoRI enzyme, 
and the 2.2-kb Sail fragment of pTPL2 was used as a 
probe in the hybridization. The intensity of colored 
band was measured by the scanning densitometer (Model 
GS-700 Imaging Densitometer, Bio-Rad, USA) . 

Southern blot analysis, in which genomic DNA of 
transf ormants was digested with Smal, showed two 
colored bands at 9.0-kb and 4.1-kb. A signal at 9.0-kb 
is observed both in a nontransf ormant control and in 
the transformants, indicating that this band originated 
form the endogenous Phaffia rhodozyma L41 gene. A much 
stronger signal at 4.1-kb also was detected in 
transformants, but not in the control. This was 
expected from the restriction map of the transforming 
plasmid (see FIG 6). The size and relative intensity 
of signal at 4.1-kb suggested that multiple copies 
(approximately, 7 copies) of the transforming plasmid 
had been integrated. 

In another Southern blot with .EcoRI digestion, two 
bands at 5.8-kb and 2.8-kb were found only in 
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transformants (see FIG 5). The 5.8-kb band originated 
from a 3.2-kb rDNA fragment and a 2.6-kb L41 gene 
fragment, and the 2.8-kb band originated from a 1.7-kb 
rDNA fragment and a 1 . 1-kb L41 gene fragment. 
Integration probably occurs as diagrammed in Figure 6. 

These results were . reproducible in Southern blot 
with rDNA probe. Most importantly, copy number did not 
decrease after a prolonged cultivation in YM medium 
with or without cycloheximide, indicating that the 
transforming plasmid was integrated into the chromosome 
and maintained stably. 



INDUSTRIAL APPT.TH artt. TT v 

As shown above, the vectors for transforming 
Phaffia rhodozyma of the present invention comprises 
rDNA and cycloheximide-resistant L41 gene, which are 
useful for the stable integration of foreign DNA into 
host genome and for the convenient selection of 
transformants, respectively. These vectors are, 
therefore, applicable to the transformation of yeast 
cells including Phaffia rhodozyma, in combination with 
the transforming process of this invention, where yeast 
cells are transformed through the optimized 
electroporation . 
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Those skilled in the art will appreciate that the 
conceptions and specific embodiments disclosed in the 
foregoing description may be readily utilized as a 
basis for modifying or designing other embodiments for 
carrying out the same purposes of the present invention. 
Those skilled in the art will also appreciate that such 
equivalent embodiments do not depart from the spirit 
and scope of the invention as set forth in the appended 
claims . 
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What is Claimed is 

1. An L41 gene encoding a Phaffia rhodozyma ribosornal 
protein whose amino acid sequence is described by 

5 SEQ ID NO: 3. 

2. The L41 gene of claim 1, wherein the genomic 
sequence of the gene is described by SEQ ID NO: 1. 

3. The L41 gene of claim 1, wherein the cDNA sequence 
of the gene is described by SEQ ID NO: 2. 

10 4. The L41 gene of claim 1, wherein the codons 
representing the amino acid sequence at position 56 
is replaced by the codons representing glutamine. 

5. A ribosornal DNA of Phaffia rhodozyma, which is 
described by SEQ ID NO: 4. 

6. A vector for transforming Phaffia rhodozyma, 
comprising a cycloheximide-resi stant gene and a 
portion of Phaffia rhodozyma ribosornal DNA . 

7. The vector of claim 6, wherein the cycloheximide- 
resistant gene is the L41 gene of claim 4. 

8. The vector of claim 6, wherein the Phaffia rhodozyma 
ribosornal DNA is the ribosornal DNA of claim 5. 

9. The vector of claim 6, wherein the vector is pTPLRl 
represented by figure 3. 

10. A process of transforming yeast with the vector of 
25 claim 6. 

11. The process of claim 10, the yeast is Phaffia 
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rhodozyma . 

2. The process of claim 10, wherein the vector of claim 
6 is cleaved into a linear form. 

3. The process of claim 10, wherein the transformation 
is performed by electroporation under an electric 
pulse of 0.8-1.2 kV, an internal resistance of 
400-800 Q, and a capacitance of 25-50 jitF . 
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FIG. 1 



-704 AAGAGCTATTTGAATGACGACCACAAGAGTGACGATCATATTGAGCATAGTAT ACC AAAGGCCAAr Arrr 

-564 TGCCAACACTTTCi^TATAjrTCACACCAAAAAAAGTCAGATTGGCCCACAAAGTCAGATACACGCTCGA 

- 4 94 GTCGACGGGTTCAAGCACTTTGTCAGGCGAAAGAAAGGCCACAGCACCACCCTTCAAGTCTCGTCTCAAT 

-424 CAGGTTCGTCTAGCTTTTTGTGTGCAAGGATTTACCGTCTTGATGGATTTGTTCGTTGAAAr Ar irr-a » t. 

-354 GAACATGCTGAACTGACGAAAGTGTGAACAAAAAATTGTGATTTTTTCATTGTGTTTCGrrrr TrTr 

"f?J GC I GGG H gggttggatcggatttatcttctgtgtt ^ a tggaaI" 

-214 TCTTCTAAACTCGACAAAACGATTCATTCCTCCGTACTGCTrTrr-TTf-a.A^^».„i GGACA 

-144 AAATTC-CCCTCGGAACGTTCGATCAATCTC^ 

-74 GCCTTGCTCCTTTTCTTCGTTCTTTCCTTAATCCGCTTTCGACTACCCTCCTTCTCTTCACACTCATAGT 

~* CAAG * TG GTC AAC GTT CCC A AG AC T CGA CGTGAGTTATAGCAATTTCAACAACTCTCCAGA 

5« ^ G "r GTTTGATCATAGTGGGATCAAGACAAACTGGAGGA TATGGCTCGCC^ 
333 ^rI GA r^ AGGATCCGAAAGTTGTACGTATGGAAAAGCTTACACGG "TG^ 

333 AGGA ACC TAC TGC AAG GGT AAG GCT TGC AAG AAG CAC ACGTAAGTCGCTtItcCTC TC 
1 iCKGKACKKHT 
CACTCTTTCATGGCATATTGTCAACGACTGGACAACGCGTCCGTTTTGAAACAAGTGACTTACCTrTrA* 
ATTTGATTCTACACCTGTATTTAGC CCT CAC AAG GTACATATCACATCCTCCCACCCCACCC^GCC 

P H K 

CGTTTGTTTCTGTTTCTGTAGGTG ACC CAG TAC AAG AAG GGA AAG GAC TCC ATC TTC G 



391 
461 



527 
597 



655 CC CAG GGA AAG CGA C GA TAC GA^ C G l AAG CAG TCC GGT TAC GGA .GGT Ca£ ,cr 

« AG I" 1" AAG AAG GCT AAG ACC ACC AAG AAG T GTC G GTC G CTT Q CGA T TT 
K IE) v _£ H KKAKT*rvv _ 



g ggtacgtttttgtttattttgaattctttttgtgtatgcagacttt?gatgatta'tgctcctc*tgtcg 

TTTTTTCTCTTCAAACAGAG TGC TCC GTC TGC AGTTCGTTCTTCCTTCCAACCAAAACTTCAACT 

C S V C K 

ACAGACATCATAAACAGACATCTTACTTCGGTGTTCTCTCTTTTTTTCCGCAGAG TAC AAG ATG CA 

G ATG ACC CTC AAG CGA TGC AAG CAC TTC GAG CTT GGA GGA GAC AAG AAG ACC 

MTLKRCKHFELGGDKKT 

AAG GGTTCGTCTTTTGTCCATATATTCTCTGGTTCACTTCTTATGTTCCTAACGTACTTGTTTCCTTTT 
K G 

TGTTTTCCTCTGCT CGTGTTGGAC 
TGTTTTCCTCTGCTCGTTTCTTTCTCCTCTGTACTTGTGCTTCTCAGGA GCC GCC ATC TCT TTC 

taa atggttgttttaaccccgtcgtctccaccatatgtcaaatcggcatgcgcJttg?ccc?tccIatc 

1355 AaIaA^cIcg^ 

,1, AAAAACCACGCACCCCCTTTTATTTCAATGGGGAGATCTGGATCTATGTATC ATGTCGATTTTPT ATTTr 
14 25 CC AAAACCCATTGATTGTTCATCTCCTCTTAAGAGTAACATCTTTTCCAAGAT 
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FIG. 2 



pTPL2 (8 kb) 



L41 




ICGAAG CCC GTTTTTGA< 
ThrLysProVal PheHi s 

^Mutagenesis 

ACCAA.GGAAGTTTTTCAC 
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FIG. 3 
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FIG. 4 
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FIG. 5 
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FIG. 6 
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SEQUENCE LISTING 



<110> Korea Institute of Science and Technology 
Haitai Confectionery Co. , Ltd. 

<120> Vector for the transformation of Phaffia rhodozyma and process of trnasformation 
thereby 

<130> 9fpo-05-02 

<150> KR 98-46547 
<151> 1998-10-31 

<160> 14 

<170> KOPATIN 1.0 

<210> 1 
<211> 1223 
<212> DNA 

<213> Phaffia rhodozyma 
<400> 1 

atggtcaacg ttcccaagac tcgacgtgag ttatagcaat ttcaacaact ctccagacga 60 
caaatattcc agtgcatcga aagagtttgt ggataaacgc gacagtttca agggaaagag 120 
tcgatggaca gatttggaag acttagccgg tcaaggaact tggggatcac gtggcggagg 180 
actcatcaga agaagtcggg atttgtttga tcatagtggg atcaagacaa actggaggat 240 
atggctcgcc ttggaaggga atctccggcc tggattcgag gatccgaaag ttgtacgtat 300 
ggaaaagctt acacggcttg gatttattat ctttcatagg aacctactgc aagggtaagg 360 
cttgcaagaa gcacacgtaa gtcgcttatc ctctccactc tttcatggca tattgtcaac 420 
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gactggacaa cgcgtccgtt ttgaaacaag tgacttacct gtgaaatttg attctacacc 480 

tgtatttagc cctcacaagg tacatatcac atcctcccac cccaccctgc ccaacttctt 540 

cagttcatct tgctctcggt ttccacattc cctgatgacc tccttgtatg ttctttgcga 600 

acgtttgttt ctgtttctgt aggtgaccca gtacaagaag ggaaaggact ccatcttcgc 660 

ccagggaaag cgacgatacg accgaaagca gtccggttac ggaggtcaga ccaagcccgt 720 

tttccacaag aaggctaaga ccaccaagaa ggtcgtcctt cgattggcgg tatttttgtt 780 

tattttgaat tctttttgtg tatgcagact tttgatgatt atgctcctct gtcgtttttt 840 

ctcttcaaac agagtgctcc gtctgcagtt cgttcttcct tccaaccaaa acttcaacta 900 

cagacatcat aaacagacat cttacttcgg tgttctctct ttttttccgc agagtacaag 960 

atgcagatga ccctcaagcg atgcaagcac ttcgagcttg gaggagacaa gaagaccaag 1020 

ggttcgtctt ttgtccatat attctctggt tcacttctta tgttcctaac gtacttgttt 1080 

cctttttggt tcggatgttg tttctatcgg tggtgttttc ttttctttgg atgcattatc 1140 

atttatcgtg ttggactgtt ttcctctgct cgtttctttc tcctctgtac ttgtgcttct 1200 

caggagccgc catctctttc taa 12 23 



<210> 2 

<211> 350 

<212> DNA 

<213> Phaffia rhodozyma 
<220> 

<221> CDS 

<222> (30).. (347) 

<400> 2 

cccttcaagt ctcgtctcaa tcagtcaag atg gtc aac gtt ccc aag act cga 53 

Met Val Asn Val Pro Lys Thr Arg 
1 5 



WO 00/26387 



PCT/KR99/00265 



cga acc tac tgc aag ggt aag get tgc aag aag cac acc cct cac aag 101 
Arg Thr Tyr Cys Lys G1y Lys Ala Cys Lys Lys His Thr Pro His Lys 
10 15 20 

gtg acc cag tac aag aag gga aag gac tec ate ttc gec cag gga aag 149 
Val Thr Gin Tyr Lys Lys Gly Lys Asp Ser He Phe Ala Gin Gly Lys 
25 30 35 40 

cga cga tac gac cga aag cag tec ggt tac gga ggt cag acc aag ccc 197 
Arg Arg Tyr Asp Arg Lys Gin Ser Gly Tyr Gly Gly Gin Thr Lys Pro 
45 50 55 

gtt ttc cac aag aag get aag acc acc aag aag gtc gtc ctt cga ttg 245 
Val Phe His Lys Lys Ala Lys Thr Thr Lys Lys Val Val Leu Arg Leu 
60 65 70 

gag tgc tec gtc tgc aag tac aag atg cag atg acc etc aag cga tgc 293 
Glu Cys Ser Val Cys Lys Tyr Lys Met Gin Met Thr Leu Lys Arg Cys 
75 80 85 

aag cac ttc gag ctt gga gga gac aag aag acc aag gga gee gee ate 341 
Lys His Phe Glu Leu Gly Gly Asp Lys Lys Thr Lys Gly Ala Ala He 
90 95 ioo 

tct ttc taa 350 

Ser Phe 

105 



<210> 3 

<211> 106 

<212> PRT 

<213> Phaffia rhodozyma 

<400> 3 

Met Val Asn Val Pro Lys Thr Arg Arg Thr Tyr Cys Lys Gly Lys Ala 
1 5 io 15 

Cys Lys Lys His Thr Pro His Lys Val Thr Gin Tyr Lys Lys Gly Lys 
20 25 30 
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Asp Ser He Phe Ala Gin Gly Lys Arg Arg Tyr Asp Arg Lys Gin Ser 
35 40 45 

Gly Tyr Gly Gly Gin Thr Lys Pro Val Phe His Lys Lys Ala Lys Thr 
50 55 60 

Thr Lys Lys Val Val Leu Arg Leu Glu Cys Ser Val Cys Lys Tyr Lys 
65 70 75 80 

Met Gin Met Thr Leu Lys Arg Cys Lys His Phe Glu Leu Gly Gly Asp 
85 90 95 

Lys Lys Thr Lys Gly Ala Ala He Ser Phe 
100 105 



<210> 4 
<211> 741 
<212> DNA 

<213> Phaffia rhodozyma 
<400> 4 

ctcgagtgga cggtggcaat ggcattcgtg tcgttggtgc tcactcgcaa cccaagcagt 60 

cgcttacccg gggtagcctc cgggtgggcg cgatgatttg tggtgtggat tccttcccta 120 

tgggtagaac gacgcgcaac caatcattcg gagaaccgct ccgttgtagc cgaccagtct 180 

gattgatcaa catgccagca cgtcctccgg gacggagact ggcggggatc gtacctcatc 240 

tggaatcgct ggctcaatgg tagtagtctt cacgatcggc catgagggca gtctaggtgg 300 

gttcgcctgc cgaagactgt gtgagtgtgc tganaactaa ttgagtaccg ggggataagg 360 

caaggcgtgt ntggttgccg gtggctgtga gcgagtttgc tgcaaagcga ttcaatgcac 420 

cccggcttgg ccagcgcgct gcgtcacgaa acacactaaa cggttgacgc cataaagtaa 480 

taacacactc aagtttgtgg tcccgggtgg gcctctgtgc ctgcgtggga cccgacggga 540 

gaggaaaacg ttctgtggcc ctctcctctg tggatagtta cctggttgat cctgccagta 600 
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gtcatatgct tgtctcaaag attaagccat gcatgtctaa gtataaacaa attcatactg 660 
tgaaactgcg aatggctcat taaatcagtt atagtttatt tgatggtacc ttgctacatg 720 
gataactgtg gtaattctag a 741 



<210> 5 

<211> 23 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> CYH1. a PCR primer for the cloning of L41 genomic DNA fragment 

<400> 5 

cgcgtagtta aygtnccnaa rac 



<210> 6 

<211> 25 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> CYH3, a PCR primer for the cloning of L41 genomic DNA fragment 

<400> 6 

cccgggtytt ggcyttyttr tgraa 



<210> 7 

<211> 24 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> 3' RACE primer 

<400> 7 

ggtcagacca agcaagtttt tcac 
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<210> 8 

<211> 24 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> 5' RACE primer 

<400> 8 

gtgaaaaact tgcttggtct gacc 24 

<210> 9 

<211> 24 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> sense primer for the mutagenesis of L41 gene 

<400> 9 

ggtcagacca agcaagtttt tcac 24 

<210> 10 

<211> 24 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> anti sense primer for the mutagenesis of L41 gene 

<400> 10 

gtgaaaaact tgcttggtct gacc 24 



<210> 
<211> 



20 



11 



<212> 



DNA 



<213> 



Artificial Sequence 
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<220> 

<223> a PCR primer corresponding to 18S rDNA 

<400> 11 
tcctagtaag cgcaagtcat 

<210> 12 

<211> 20 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> a PCR primer corresponding to 18S rDNA 

<400> 12 
ttcggccaag gaaagaaact 

<210> 13 

<211> 20 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> a PCR primer corresponding to 28S rDNA 

<400> 13 
aatcggatta tccggagcta 

<210> 14 

<211> 20 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> a PCR primer corresponding to 28S rDNA 



<400> 14 
gctataacac atccggagat 
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1 . With regard to the elements of the international application:* 

[x""| the international application as originally filed 
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, as originally filed 
, filed with the demand 



filed with the letter of 



□ 



the claims: 

pages 

pages 

pages 

pages 



, as originally filed 

, as amended (together with any statment) under Article 19 
, filed with the demand 



, filed with the letter of 



I | the drawings: 

pages 

pages 

pages 



, as originally filed 
, filed with the demand 



, filed with the letter of! 



I | the sequence listing part of the description: 

pages 

pages 

pages 



, as originally filed 
, filed with the demand 



, filed with the letter o£_ 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the language in which 
the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language which is 

| | the language of a translation furnished for the purposes of international search (under Rule 23.1(b)). 
| | the language of publication of the international application(under Rule 48.3(b)). 

I — I the language of the translation furnished for the purposes of international preliminary examination(under Rules 55.2 and/ 
1 or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international 
preliminary examination was carried out on the basis of the sequence listing: 

contained inthe international application in written form, 
filed together with the international application in computer readable form- 
furnished subsequently to this Authority in written form, 
furnished subsequently to this Authority in computer readable form 

The statement that the subsequently furnished written sequence listing does not go beyond the disc losure in the 
international applicationas as filed has been furinshed. 

The statement that the information recorded in computer readable form is identical to the written sequence listing has 
been furnished. 
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The amendments have resulted in the cancellation of: 

the description, pages 
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| | the drawings, sheet 



5. Q^] This opinion has been drawn as if (some of) the amendments had not been made, since they have been considered to go 
beyond the disclosure as filed, as indicated in the Supplemental Box(Rule 70.2(c)).** 



* Replacement sheets which have been furnished to the receiving Office in response to an invitation under Article 1 4 are referred to 
in this opinion as "originally filed. " and are not annexed to this report since they do not contain amendments (Rules 70. 1 6 
and 70.17). 

** Any replacement sheet containing such amendments must be referred to under item I and annexed to this report. 
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1 . Statement 

Novelty (N) Claims 1-5, 6-9, 10-13 YES 

Claims NO 

Inventive step (IS) Claims 1-5, 6-9, 10-13 YES 

Claims NO 

Industrial applicability (IA) Claims 1-5, 6-9, 10-13 YES 

Claims _ NO 



2. Citations and explanations (Rule 70.7) 

1) The following document have been considered for the purpose of this report: 
Dl= J. bacterid., 1992, vol. 174, No. 1, pp 254-262 

D2=WO 94/06918 (GIST-BROCADES) 
D3=GenevoL184, pp89-97, 1997 
D4=WO 97/23633 (GIST-BROCADES) 

2) Novelty 

Claims 1-5 relate to novel L41 gene encoding a Phaffia rhodozyma ribosomal protein , which can be mutated to 
acquire cycloheximide resistancy. Document Dl discloses the sequence of L41 gene of some strains of yeast 
including S. cerevisiae and C. maltosa. not the phaffia rhodozyma which is useful for the production of 
astaxanthin. Since the prior art does not provide the nucleotide sequence of ribosomal protein L41 of Phaffia 
rhodozyma, the claims 1-5 are considered to be novel. 

Claims 6-9, 10-13 relate to a vector for transforming Phaffia rhodozyma comprising a cycloheximide-resistant gene 
utilizing L4 1 and ribosomal DNA, and the process of transforming yeast using same vector. Document D2, D3, 
and D4, the close prior arts in the present case, disclose the vector system comprising antibiotic resistance gene 
(such as kanamycin-rcsistant gene) as a selectable marker and ribosomal DNA from Phaffia rhodozyma for an 
integration site after transformation. Since claims 6-9, 10-13 utilize the L41 gene encoding a Phaffia rhodozyma 
ribosomal protein, which is mutated to acquire cycloheximide resistancy, different from prior arts utilizing 
antibiotic resistant genes came from microorganism, claims 6-9, 10-13 are considered to be novel. 

3) Inventive Step 

Claims 1-5 relate to novel L41 gene encoding a Phaffia rhodozyma ribosomal protein. Document Dl did not 
provide the nucleotide sequence of ribosomal protein L41 of Phaffia rhodozyma. Claims 6-9, 10-13 relate to a 
vector for transforming Phaffia rhodozyma comprising a cycloheximide-resistant gene utilizing L41 and ribosomal 
DNA, process of transforming yeast using same vector. Compare to vector systems in document D2, D3, and D4 
comprising antibiotic resistance gene as a selectable marker and ribosomal DNA from Phaffia rhodozyma, it is 
certainly beneficial to the transforming yeast and maintaining the culture along with overproduction of desired 
product such as astaxanthin, utilizing its own mutated ribosomal protein L41 of Phaffia rhodozyma as a selectable 
marker in the case of claims 6-9, 10-13, through optimizing the conditions for growing even with overproduction 
of desired product. It is reported that yeast mutants transformed with bacterium selectable marker and ribosomal 
DNA overproducing desired i product has problem of decreased growth rate. These problems were overcome in this 
invention. Therefore, the subject-matter of claim 6-9, 10-13 appear to involve an inventive step, 

4) Industrial applicability 

The subject matter of claim 1-5, 6-9, 10-13 is considered to be industrially applicable. 
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